Ca v 1.2 channels mediate persistent chronic stress-induced behavioral deficits that are associated with prefrontal cortex activation of the p25/Cdk5-glucocorticoid receptor pathway.
were rapidly dissected and sectioned into 1.0 mm coronal sections using a metal mouse brain 165 slicer matrix (Zivic instruments) placed on dry ice to maintain freezing conditions. Bilateral 166 tissue punches of the prefrontal cortex, dorsal hippocampus, ventral hippocampus and amygdala 167 were obtained on a glass surface placed on dry ice to maintain frozen sections. Tissue was placed 168 immediately on dry ice and stored at -80ºC until processed. Knackstedt et al. (2010) . Homogenates were spun at 1,000 x g for 10 minutes at 4ºC. Supernatant 172 (cytoplasmic and membrane S1 fraction) was saved as the total protein lysate fraction and the 173 pellet (nuclear P1 fraction) was washed in 50ul sucrose buffer and spun at 1,000 x g for 10 174 minutes at 4ºC. The pellet was sonicated in 1% SDS buffer, including protease and phosphatase 175 inhibitors, and was spun at max speed for 15 minutes at 4º C. The supernatant was saved as the 176 nuclear fraction. Protein concentration was determined using a BCA protein assay kit (Thermo 177 Fischer Scientific). probed with primary antibodies against Ca v 1.2 (1:500, Alomone, ACC-003, 182 RRID:AB_2039771), phospho-glucocorticoid receptor serine 211 (1:500, Cell signaling #4161, 183 RRID:AB_2155797), glucocorticoid receptor (1:1,000, Cell signaling #3660, 184 RRID:AB_11179215), p35/p25 (1:500, Cell signaling #2680s, RRID:AB_1078214), CaMKII 185 pan (Cell signal, #3362S, RRID:AB_10692639), Histone H3 (di Methyl K9) (Abcam, ab1220, 186 RRID:AB_449854), Gapdh (1:20,000, Abcam, ab22555, RRID:AB_447153) and a peroxidase-187 labeled anti-rabbit secondary antibody (1:5,000, Vector Laboratories), peroxidase-labeled anti-188 goat secondary antibody (1:5,000, Vector Laboratories) or peroxidase-labeled anti-mouse 189 secondary antibody (1:5,000, Vector Laboratories). Proteins were quantified using ImageJ 190 analysis software (NIH), and protein quantities were normalized to Gapdh as a loading control. (Kabir et al., 2017) . A 17 cm long piece of adhesive tape (0.75" wide, Fisherbrand) was placed 195 on the tail of each mouse and was used to suspend the mouse 30 cm above the ground. A hollow 196 climbstopper (4 cm length x 1.5 cm diameter, 1.3g) was placed over the tail to prevent mice from 197 climbing. Mice were suspended for 6 minutes. Behavior was recorded using a camera placed in 198 front of the apparatus and time immobile was measured by the experimenter. Immobility was 199 defined as any time that there was a lack of body movement except of swinging caused by the into the center of the apparatus and allowed to freely explore for five minutes. Behavior was 212 recorded using a camera placed above the apparatus, and the subject's path was recorded by the Normality was tested using the Shapiro-Wilk test and equal variance was confirmed 226 using the F-test of equality of variances. Data were then analyzed using an unpaired t test or two- Western blot analysis was used to quantify protein expression of Ca v 1.2 in the prefrontal 236 cortex (PFC) of WT mice 3 days (early) and 8 days (late) following chronic unpredictable stress 237 (CUS) ( Fig. 1A ). We first validated the anti-Ca v 1.2 antibody (Alomone, ACC-003) using PFC 238 protein lysate from full brain Ca v 1.2 knockout (Nestin Cre , Ca v 1.2 KO ) and Ca v 1.2 heterozygous 239 (Ca v 1.2 +/-) mice. Two bands surrounding the predicted 250kDa full-length protein were present 240 in the wildtype (WT) and absent in Nestin Cre , Ca v 1.2 KO mice ( Fig 1B) , indicating that these bands 
244
CUS had no effect on Ca v 1.2 protein expression in the PFC when examined 3 days post- Ca v 1.2 was specific to the PFC, as there was no effect of CUS on Ca v 1.2 levels in other stress-248 sensitive regions, including the dorsal hippocampus (dHPC), ventral hippocampus (vHPC), and 249 amygdala at the early (Fig. 1D ) and late time points (Fig. 1E ). To test the role of Ca v 1.2 in chronic stress-induced behavioral deficits, Ca v 1.2 +/and WT 254 littermates were exposed to CUS, followed by behavioral testing for depressive-like behavior 255 using the tail suspension test (TST), anxiety-like behavior using the elevated plus maze (EPM), 256 and working memory capacity using a non-reward based spontaneous alternation task beginning 257 either 24 hours (early) or 5 days (late) post-stress. Heterozygous mice were utilized as 258 homozygous knockout of Ca v 1.2 is embryonic lethal (Seisenberger et al., 2000) . The non-reward 259 based spontaneous alternation task was chosen in place of a standard reinforced alternation task, 260 as it has been used previously as a test of working memory (Wietrzych et al., 2005; Galeano et 261 al., 2014; Sierksma et al., 2014) , and because chronic unpredictable stress is known to alter 262 reward (Papp et al., 1992; Haile et al., 2001) . The non-reward based spontaneous alternation 263 task, therefore, eliminates this potential confound when attempting to isolate working memory.
264
In the TST, CUS significantly increased time spent immobile in both WT and Ca v 1.2 +/-265 mice when tested 1-2 days post-stress ( Fig. 2A ; main effect of CUS: F (1,24) = 14.70, p=0.0008), 266 indicating a depressive-like phenotype that is not dependent upon Ca v 1.2 channels at this time (Fig. 3A) . To determine a potential role of Ca v 1.2 in 293 mediating this process, WT and Ca v 1.2 +/mice were exposed to CUS, and western blot analysis 294 was performed on PFC S1 (cytoplasmic and membrane) and P1 (nuclear) fractions.
295
CUS had no effect on p35 or p25 protein levels in the S1 fraction of the PFC in either 296 WT or Ca v 1.2 +/mice when examined 3 days post-stress ( Fig. 3C ). However, when examined 8 297 days post-stress, WT mice exposed to CUS had increased levels of p25 in protein lysates from 298 the PFC while Ca v 1.2 +/mice did not ( Fig. 3D ; interaction (genotype x CUS) : F (1,37) = 7.47, p=0.009, 299 two-way ANOVA). Neither genotype showed changes in p35 protein levels in the PFC at this 3A) in S1 and P1 fractions, as phosphorylation of GR induces translocation to the nucleus. S1 304 and P1 fractions were first validated for purity; CaMKIIα was detected in S1 fractions but not in 305 P1 fractions ( Fig 3B) . Similarly, nuclear protein histone H3 was detected in P1 fractions while 306 absent in the S1 fractions. Consistent with previous studies (Adzic et al., 2009; Rei et al., 2015) , we found that 407 exposure to CUS increased production of p25, phosphorylation of the glucocorticoid receptor 408 (GR) at serine 211, a cyclin-dependent kinase 5 (Cdk5)-phosphorylation site, and nuclear 409 translocation of GR within the PFC. Adding to this previously characterized pathway, we 410 demonstrate that Ca v 1.2 is necessary for production of p25 and activation of GR signaling 411 following chronic stress. However, in contrast to these previous reports, we found that activation 412 of this pathway occurred only 8 days post-stress, not 3 days following chronic stress.
413
Additionally, we did not find an increase in activation of the p25/cdk5-GR pathway in the HPC 414 following CUS at either time point, inconsistent with the previous finding by Rei et al. (2015) 415 that examined changes up to 90 minutes post-stress. This previous report utilized the Swiss 416 Webster mouse strain, which is highly sensitive to the effects of stress. Indeed, these mice only 417 required eight days of footshock stress to induce behavioral deficits, while chronic stress 418 paradigms in C57BL/6 mice typically require 21-28 days. It is possible, therefore, that these 419 mice exhibit molecular changes following chronic stress that are not observed in the C57BL/6 420 mouse strain. We did, however, find an increase in phosphorylation of GR at S211 in both the activation of the p25/ Cdk5-GR pathway. B) Representative western blots with S1 (cytoplasmic 542 and membrane) and P1 (nuclear) fractions demonstrating purity of fractions using the S1 and P1 
